nf a laser Dea« second 
shifting a P*^^-^ °^ ^.^h tl^at a spatial ^^^^ ,s 

the laser beam ,He step of shifting « P*^^'" 

15 through^" .,st substrate r|f>nthr 
coating over a ftrst 

tetransmltted. ^ .^e step of shifting a P^^^^^ 


23 



PATENT 


10 


15 



medium having an index of refj^^on producing a desired minimum 
number of spatially coherent c|lls of the laser beam. 

12. An apparatus for reducing spefckle of a laser beam comprising a 
DUV-VUV transparent substrate b taring periodic phase shift optical 


coating over a first region, the pha 


5e shift optical coating causing a 


phase shift of light transmitted through the first region relative to light 
transmitted outside of the first region, such that the phase shift 
generates a desired minimum nunr ber of spatially coherent cells In the 
laser beam. 


13. An apparatus according to cla 
substrate comprises one of fused 
magnesium fluoride, lithium fluoridb 


14. An apparatus according to ct^ 
comprises at least one of silicon dioxide 


m 12 wherein the transparent 
ilica, quartz glass, calcium fluoride, 
, and barium fluoride. 


15. An apparatus according to Cl^im 12, further comprising a fie eye 
20 lens. 

16. An apparatus for reducing spdckle of a laser beam comprising a 
DUV-VUV reflective substrate bea ing a periodic phase shift optical 
coating over a first region, the optical coating causing a phase shift of 

25 light reflected by the first region relative to light reflected outside of the 
first region, such that the phase shi t generates a desired minimum 
number of spatially coherent cells ir the laser beam. 

^ f^. An apparatus according to claim 1^, wherein the reflective substrate 
30 comprises a shiny metallic layer. 


12, wherein the optical coating 
and silicon nitride. 



25 


^ «pr the reflective substrate. 

lensanerthere ^ Vmnaflveye 

ni W VUV transparent substrate ^^a,, the r 9 

20 generate a desir 

,ia3«-.tneuar»paran. 
.napparatusaccc,^.-^^^^ 

substrate con,pr*-s ^'-^X.Ji-^ 
«<.u.m fluoride, Uthiuf"^'"" . 

.i«nere-,ntnerou,.sur.ce-,sa 

^'^V.nappa.atusaocora.,to*,.^« 

g^oundsurfaoe. ^ ,„rf,ce is 
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An apparatus according to clainn^3 further comprising a matching 
medium in contact with the rough layer, a refractive index of the 
matching medium adjusting spatial coherence of the laser beam 
5 transmitted through the substrate. 

An apparatus according to claim ^ wherein the matching medium 
is a solid. 

^f ^ 

10 2^. An apparatus according to claim 2^ wherein the matching medium 
is a liquid. i 

An apparatus according to claim ^ wherein the substrate bears an 
anti-reflective coating. 

3^ An apparatus according to claim^3. wherein said substrate is an 
outputcoupler of the laser system that produces the laser beam. 

An apparatus according to claim further comprising a fly eye 
20 lens after the substrate. t 

An apparatus according to claim^, further comprising a fly eye 
lens after the substrate. 

25 34. An apparatus for reducing speckle of a laser beam comprising a 


9^ 


30 


DUV-VUV reflective substrate beafinjj a rough surface having a 
standard deviation in surface h^ig^and a correlation length, the rough 
surface causing scattering of light^ reflected by the substrate to generate 
a desired minimum number of spatially coherent cells in the laser beam. 
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^ An apparatus according to claim wherein the reflective substrate 
comprises a shiny metallic layer. 

3)^. An apparatus according to claim ^4 wherein the rough surface is a 
5 ground surface. 

3^. An apparatus according to claim ^6'wherein the rough surface Is 
overpolished to adjust the standard deviation in surface height. 

5* 

10 An apparatus according to claim ^ wherein the reflective substrate 

is an outcoupling mirror of a laser resonator. 

An apparatus according to claim 38, further comprising a fly eye 
lens after the substrate outcoupling mirror. 
15 ^ 

Xj^. An apparatus according to claim 2^ wherein the reflective substrate 
is positioned outside of a laser resonator. 

An apparatus according to claim 40, further comprising a fly eye 
20 lens after the substrate. 

\ 

42. A lithography apparatus\comprising: 

an excimer laser configured to generate a laser beam having a 
spatial coherence, the excimer laser including a resonator and an 
25 outcoupling mirror; 

a line narrowing apparallis focated within the resonator for 

improving the spectral purity of the laser beam; 

1 

optics configured to deliver the laser beam to a semiconductor 
workpiece; and 
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6. A method according to claim 5 wherein the step of shifting a phase of 

a first portion of the laser beam comprises reflecting the laser beam from 

I 

a DUV-VUV reflective substrate bearing p periodic phase shift optical 
coating, the periodic phase shift optical coating corresponding to a 
desired minimum number of spatially coherent cells of the laser beam. 


7. A method for reducing speckle of a laser beam comprising the step of 
scattering a first portion of the laser beam relative to a second portion of 
the laser beam, such that a spatial coherence of the laser beam is 
10 disrupted while a temporal coherence of the laser beam is maintained 
substantially unchanged. 


8. A method according to claim 7 wherein the step of scattering a first 
ifj portion of the laser beam comprises transmitting the laser beam through 

15 a DUV-VUV transparent substrate having a rough surface, a correlation 
length and a structure height of the rough surface corresponding to a 
desired minimum number of spatially boherent cells of the laser beam. 

9. A method according to claim 8 further comprising the step of 
20 transmitting the laser beam directly from the rough surface to a matching 

medium having an index of refraction producing a desired minimum 
number of spatially coherent cells of the laser beam. 

ii 

10. A method according to claim 7 wherein the step of scattering a first 
25 portion of the laser beam comprises^reflecting the laser beam off of a 

DUV-VUV reflective substrate having a rough surface, a correlation 
length and a structure height of the rough surface corresponding to a 


desired minimum number of spatially coherent cells of the laser beam. 


30 1 1 . A method according to claim 1 0 further comprising the step of 

reflecting the laser beam directly frcim the rough surface to a matching 
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an anti-speckle device located in the path of the laser beam 
before the delivery optics fqr disrupting the spatial coherence of the laser 
beam. 


43. An apparatus according to claim 42 wherein the anti-speckle device 
comprises a DUV-VUV transp^arent substrate bearing a periodic phase 
shift optical coating over a firsj region, the phase shift optical coating 
causing a phase shift of the laser beam transmitted through the first 
region relative to the laser be Jm transmitted outside of the first region. 

\ 

44. An apparatus according toj claim 43 wherein the laser beam 


generated by the laser has a s|6ectral purity of 100 pm or less upon 
£ reaching the workpiece. 

m i 

15 45. An apparatus according to claim 43 wherein the laser beam 
rt generated by the laser has a spectral purity of 10 pm or less upon 

^ reaching the workpiece. | 


46. An apparatus according to claim 43 wherein the laser beam 

20 generated by the laser has a spectral purity of 1 pm or less upon 

i 

reaching the workpiece. 

\ 

47. An apparatus according to claim 42 wherein the anti-speckle 
apparatus comprises a DUV-VUV reflective substrate bearing a periodic 

25 phase shift optical coating over a first region, the optical coating causing 
a phase shift of the laser beam reflected by the first region relative to the 

laser beam reflected outside of the first region. 

\ 

\ 

48. An apparatus according to claim 47 wherein the laser beam 

\ 

30 generated by the laser has a spectral purity of 100 pm or less upon 
reaching the workpiece. i 
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49. An apparatus accordirro to claim 47 wherein the laser beam 
generated by the laser hasia spectral purity of 10 pm or less upon 
reaching the workpiece. i 

50. An apparatus according to claim 47 wherein the laser beam 
generated by the laser has ^ spectral purity of 1 pm or less upon 
reaching the workpiece. 


\ 


10 51 . An apparatus according to claim 47 wherein the anti-speckle device 
also comprises the outcoupling mirror. 


52. An apparatus according totplaim 51 further comprising a fly eye lens 
after the anti-speckle device. 


15 


y 53. An apparatus according to ciSaim 47, further comprising a fly eye 

^ lens after the anti-speckle device. \ 


54. An apparatus according to clai^ 42 wherein the anti-speckle 
20 apparatus comprises a DUV-VUV tijansparent substrate bearing a rough 
surface having a standard deviation|in surface height and a correlation 
length, the rough surface causing scattering of the laser beam 

transmitted through the substrate. | 

\ 

\ 

25 55. An apparatus according to claim 54 wherein the laser beam 
generated by the laser has a spectral purity of 1 00 pm or less upon 
reaching the workpiece. \ 

30 generated by the laser has a spectral purity of 1 0 pm or less upon 
reaching the workpiece. 


30 
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57. An apparatus aacording to claim 54 wherein the laser beam 
generated by the laser has a spectral purity of 1 pm or less upon 
reaching the workpiec 


58. An apparatus according to claim 54 further comprising a matching 
medium in contact with tAe rough layer, a refractive index of the 
matching medium adjusting spatial coherence of the laser beam 
transmitted through the substrate. 

\ 

59. An apparatus according ^^o claim 58 wherein the matching medium 


is a solid. \ 


60. An apparatus according to claim 58 wherein the matching medium 
15 is a liquid. 

61. An apparatus according to claim 54 wherein the anti-speckle device 
also comprises the outcoupling rijirror. 

20 62. An apparatus according to claim 61 further comprising a fly eye lens 
after the anti-speckle device. 

63. An apparatus according to claim 54 further comprising a fly eye lens 
after the anti-speckle device. 

25 

64. An apparatus according to claim 42, wherein the anti-speckle device 
comprises a DUV-VUV reflective substrate bearing a rough surface 
having a standard deviation in surface height and a correlation length, 
the rough surface causing scattering of the laser beam light reflected by 

30 the substrate. 
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65. An apparatus according to claim 64 wherein the laser beam 
generated by the laser has a speWal purity of 1 00 pm or less upon 
reaching the workpiece. 

5 66. An apparatus according to claim 64 herein the laser beam 
generated by the laser has a speqtral purity of 10 pm or less upon 
reaching the workpiece. 


67. An apparatus according to claim 64 wherein the laser beam 
10 generated by the laser has a spectral purity of 1 pm or less upon 


reaching the workpiece. I 


68. An apparatus according to claim 64 wherein the rough surface is a 
ground surface. | 

15 \ 

\ 

69. An apparatus according to claim 64 wherein the reflective substrate 
also comprises the outcoupling mirror.l 


70. An apparatus according to claim 6afurther comprising a fly eye lens 
20 after the anti-speckle device. \ 


71 . An apparatus according to claim 64 further comprising a fly eye lens 


after the anti-speckle device ^ 
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